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ISTRODUCTIOH 

During  regent  yeara*  S|;ap}ryloooe<ma  auretta  haa  bean  repcrted  aa  a  eooaMm 
oauae  of  bovine  maatitia.  In  epidandologioal  atudiaa,  straina  uhloh  hare  no 
ralationahip  to  tha  diaaaaa  under  inveatigation  are  frequently  snoountared 
ao  that  it  is  iiffioult  to  daiKmatrata  tha  relationahip  of  one  atrain  to 
another*  The  biological  oharaoteristioa  of  the  ataphylooooei  routinely  iden- 
tified are  not  halpfUl  in  deciding  vhioh  of  aayeral  eulturea  Arom  related 
aoureaa  are  identical  and  which  are  different.  In  tha  oaaa  of  staphyloeoi  of 
hmoan  origin^  this  problem  haa  been  aolved  by  bacteriophage  typing*  The  method 
ia  baaed  on  tha  deten&ination  of  aanaitivity  or  reaiatanea  of  a  particular 
bacterial  isolate  to  each  of  sevaral  phagea*  Tha  apecific  action  of  the  phages 
ia  a  relatively  atable  property,  thua  the  phage  typing  will  reveal  ndnor  dlf- 
ferenoea  between  bacterial  straina  which  are  not  detectable  by  the  usual  aero- 
logic  procedures  (Fisk,  194-2)*  For  routine  typing  of  staphylococci  of  huoMsa 
origin,  baaic  phagea  have  been  recommended  hy  the  Subcoinmittee  on  Baoteriophaga 
Typing  of  Staphyloooooif  of  tha  International  Cooimittea  on  Bacteriological 
Nomenolature,  London,  England  (Blair,  1956)* 

In  phage  typing  studiea,  the  first  eaaential  ia  the  preparation  of  suit- 
able phages*  Secondly,  in  order  to  be  able  to  interpret  the  results  obtained 
by  varioua  workera,  it  ia  necessary  that  a  particular  set  of  phagea  be  uaad 
aa  basic  phagaa*  The  uniformity  of  typing  technique  ia  alao  inportant  ao  that 
comparable  results  may  be  obtained  by  all  workers. 

In  the  field  of  bacteriophage  typing  of  staphylococci  of  animal  origin, 
earlier  workera  (Uilllama-Si&lth,  194^;  Edwards,  1954|  Prioe  at  al*,  1954} 
Bamum  and  Fuller,  1956|  Edwarda  and  Rippon,  1957),  claaaified  staphylococci 
of  Bsstitia  origin,  utilizing  mainly  the  human  phagea.  Recently,  Colaa  (1958) 


and  3oto  ©t  al,  (1956),  independently  isolated  two  sets  of  phagsfl  for  uae  in 
the  typing  of  staphylococci  associated  with  bovine  mastitis.  Of  the  six  phages 
isolated  hy  Coles,  three  were  phages  adapted  frcgn  human  type  organiaiis  and 
three  were  obtained  from  lyoogenio  cultures  of  Staphvlooopt^a  aureua  of  animal 
origin.  These  phages  will  hereafter  be  referred  to  aa  the  Coles  phagea. 
Utilisdng  these  six  phagea.  Coles  (1958)  undertook  the  typing  of  staphyloooooi 
aaaooiated  with  bovine  niaatitle.  He  did  not  get  good  results  in  typing  wlien 
the  phages  were  used  at  their  rcwtine  test  dilutions,  but  observed  that  a 
greater  percentage  of  cultures  were  lysed  and  wider  patterns  of  lysis  were 
produced  whan  the  phagea  were  used  in  an  rmdiluted  fora,  A  routine  test  dilu- 
tion (or  dose)  (RTD)  is  the  highest  ten-fold  dilution  of  the  phage  vAloh  will 
produce  confluent  Jj^is  of  the  propagating  host.  Seto  and  Wilson  (1958)  typed 
Biiorococoi  of  bovine  origin  using  seven  phagea,  six  of  which  were  isolated  by 
Seto  at  al.  (1956);  these  will  be  designated  as  the  Seto  phages.  In  their 
Btudiea  on  bacteriophage  typing  of  micrococci  of  bovine  origin,  Seto  and  Wilson 
used  the  phages  at  tlwir  routine  test  dilutions  end  found  93  per  cent  of  the 
isolates  aensitive  to  one  or  more  of  the  seven  phagea* 

The  present  study  of  bacteriophage  typing  of  Stephyloeoocua  aureuf  aaao- 
ciated  with  bovine  mastitis  was  undertaken  with  the  view  of  conqaaring  the  action 
of  the  two  seta  of  phages,  the  Coles  phages  and  the  Seto  phagea,  and  if  poaaibla 
to  evolve  a  ocaublnation  of  the  two  which  would  give  better  results  in  typlr«. 
It  was  also  a  purpose  of  this  work  to  compare  the  relation  between  the  use  of 
RTD  and  the  concentrated  phagea  in  bectsriophage  typing, 

Baeteriophage  Typing  of  Staphylococci  of  Iliman  Origin 
Burnet  and  Luah  (1935)  presented  evidence  to  show  that  certain  strains  of 


jya^loeocoua  aureus  could  be  grouped  according  to  tlwir  aonsitivity  to  a 
••Pies  of  phages.  Fisk  (19^2)  described  the  isolation  of  stiqphylooocoal  phages 
from  the  lysogenio  culturas  by  the  cross  culture  methodj  utilizing  27  different 
phages  y  he  divided  95  culture  strains  of  Stttphyloooceue  mre\x9   into  epeoifia 
groups.  Fisk  also  dai&osstr&ted  that  oiltures  of  probable  identity «  such  as 
••parate  isolations  from  the  •«n*  patient,  reacted  to  the  san^e  phages  and  thus 
could  be  differentiated  fipcaa  other  cultures.  In  another  study,  utilizing  35 
different  phages,  Fisk  and  Mordvin  (19^4)  confirned  thsse  observations  \!^  ehotf- 
Ing  that  cultures  isolated  froia  a  single  soviroe  belcmged  to  the  s«zie  phage  type 
even  though  tbsy  scsietiines  differed  in  other  oliaracteriatics,  such  as  ohromo- 
genesis,  h^^iolytio  properties  or  production  of  alpha  hraiotoocin.  Wilson  and 
Atkinson  (1945) #  using  Fisk's  technique,  prepared  13  different  bacteriophage 
strains,  seven  of  which  were  obtained  \jy  cross-culture  method  while  the  rest 
were  prepared  by  gro^rixig  one  of  the  original  phages  or>  a  different  susceptible 
cultture,  thus  producing  a  variant  of  the  original  phage.  An  important  modifi- 
cation  in  typing,  namely  the  use  of  a  "test  dilution",  was  introduced  by  these 
Investigators.  The  test  dilution  waa  defined  as  the  highest  dilution  of  th* 
phaga  which  produces  confluent  lysis  of  the  propagating  strain.  With  IS  phagas 
they  typed  AbO  cultures  aid  recognized  21  types  or  subtypes,  ThB8«  invavtl- 
gators  described  two  outbreal:s  of  peniphigus  in  maternity  hcnes  in  which  piiage 
typing  provided  evidence  that  the  infectLons  originated  with  personnel  who  were 
staphylococcal  carriers.  The  phagee  isolated  by  Wilson  and  Atkinses,  along 
with  their  propagating  strains  are  maintained  by  the  National  Collection  of 
Type  Cultures,  Medical  Research  Council,  Lrasdon.  Williams  end  Rij^on  (1952) 
presented  a  careful  analysis  of  the  results  of  the  phage  typing  of  strains  of 
Staphylococcus  aureus  collected  over  a  period  of  three  ysars  at  the 


Staphylococoal  Raferance  Laboratory,  Collndale,  England.  Thsy  pointed  out 
that  it  l8  more  important  to  maks  fine  distinctione  betwaen  a  number  of  strains 
from  one  investigation  than  to  recogniae  as  identical  thcoe  strains  recovered 
froffi  widely  separated  areas.  It  was  aleo  observed  that  about  AO  per  oent  of 
the  staphylococci  could  not  be  lysed  Iqr  the  phages  used  at  their  test  dilu- 
tionaj  about  half  of  thaee  untypable  strains  were  lysed  by  undiluted  phage 
filtrates.  In  a  later  publication  l-filHaBia  end  Rippon  (1953)  reported  lysis 
of  50  to  80  per  oent  of  the  coagulaee-^sitive  stap!iylocoocl  by  ana   or  wore  of 
the  phages  used  at  tholr  routine  test  dilutions ,  The  staqphylooocei  obtained 
frcHB  pathological  lesions  as  wall  as  fro©  healthy  pereona  were  classified  into 
three  broad  groups.  They  reported  that  fulminating  pneumcaila  was  very  oonmonly 
<Ibs  to  staphylococci  of  group  I;  food  poiaonlog  was  alisost  always  due  to 
strains  of  group  III,  Blair  and  Carr  (1953)  determined  the  sensitivity  of  539 
coagulase-positlvs  stalyiyloaocci  aad  found  53,6  per  c«nt  of  the  strains  suscept- 
ible to  orje  or  more  of  the  25  phages j  the  strains  could  be  divided  into  six 
te«4iA  subdivisioais.  Rountrao  (1953),  in  Australia,  typed  human  staphylococci 
obtained  frcaa  various  sources  and  observed  that  when  3t«^hylocoooi  are  recovered 
frcBi  urli»,  ears  and  wound  surfaces  thair  presenoe  could  be  correlated  with  ths 
carrier  state  of  tha  patient,  A  prodotninance  of  group  III  strains  was  found 
In  boils,  absoesses  and  OBtecanyelitia  which  were  caused  by  paiicillin-sensitive 
strains.  Hood  (1953),  with  a  view  to  reducing  raanijaalaticais  necessary  in  con- 
ventional Methods  of  phage  typing,  suggested  the  use  of  pooled  phages  for 
initial  screening.  Levy  et  al,  (1953)  carried  out  phage  typing  of  staphylooooel 
that  hai  been  examine.!  for  their  produotltai  of  diffusible  antigens,  hemolysins, 
f ibrinolysin  and  piflment  formation.  They  concluded  that  ihare  was  no  signifi- 
cant correlation  between  the  phage  graap  and  tiw  other  iavi)ertie8.  The  anlaal 
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stralna,  in  thsir  rlew,  fGrmed  a  different  blologloal  group.  The  aidmal  strains 
%rere  !«•■  often  typable  than  the  hunan  strains  whloh,  aoocnrdlng  to  hery  et  al.» 
vaa  due  to  ths  fact  t>iat  the  phages  were  collected  principally  for  the  Identi- 
fication of  hunan  strains.  They  also  fbuod  that  the  sheep  strains  too  were 
insusceptible  to  the  actioa  of  human  phages.  Using  20  different  phages, 
Jackson  et  al.  (195A)»  were  able  to  demonstrate  lysis  of  35.2  per  cent  of 
eoagulaM-posltive  staphylococci  of  huioan  origin^  the  pluige  senaitlTs  cultures 
of  which  exhibited  129  different  reaction  patterns.  They  obserred  that  trans- 
far  of  specific  strains  of  MiffrooooouB  pyo^epee  from  one  person  to  another 
often  can  be  doounented  by  th»  use  of  bacteriophage  typing  with  a  high  probft- 
bility  of  validity. 

Bacteriophage  Typing  of  otaphylococoi  of  Animal  Origin 

One  of  the  early  studies  on  the  irale  of  staphylococcal  phages  in  bovine 
aaatitia  was  doiM  by  Slanetz  and  Jawetz  (19A1).  Thsse  woricers  isolated  phages 
from  milk  and  attesqpted  classification  of  staphylococci  obtained  from  oases 
of  bovine  mastitis.  Williams-^iDitjIi  (194db}  tqpplied  the  bacteriophage  typing 
method  to  study  the  epidttadology  of  ste^Iiyloooooal  infections  in  animals  using 
mainly  tiM  hnaan  phages  far   tjrping.  He  found  that  a  high  proportitsi  of 
eoagulaee-posltive  strains  obtained  from  cattle  were  susceptible  to  one  single 
httman  phage,  phage  42D.  At  first  it  appeared  thrt  all  the  A2D-type  strains 
were  identical  >wt,  using  the  cross-culture  method  of  Fisk  (19^2),  he  was  able 
to  subdivide  the  group.  In  another  investigation  WiUiams-atoith  (19A8a)  typed 
1,016  ooagulase-poaitive  strains  obtained  ftrcm  milk  samples  of  individual  cows 
and  found  that  93.3  per  cent  of  the  strains  were  typable.  Of  the  typable  strains 
83.8  per  cent  were  susceptible  to  one  or  more  of  the  phages  of  the  U2D  group 


and  9.5  per  cent  to  one  or  jnore  of  the  29  gi^up.  Of  particular  interest  in 
hif  work  are  three  strains  of  stapfaQrloooooi*  tvo  of  human  origin  and  one  ob- 
tained from  a  oase  of  boyine  mastitis*  Antigenic  analysis  of  these  strains 
did  not  reveal  any  dlfferenoes  and  the  three  strains  were  shoim  to  be  identical | 
howeyer  with  phage  typing  it  was  shown  that  they  were  different  strains. 

Edwards  {195A)f  with  the  aid  of  human  phages,  studied  staphylococci  iso- 
lated from  saiiples  of  milk  obtained  frcn  37  cows,  Thlrtj^five  of  the  ocws  in 
his  experiment  belonged  to  one  herd.  The  staphylococci  isolated  from  these 
cows  were  classified  as  belonging  to  the  phage  type  42D  and  conformed  usually 
to  the  undiluted  pattern  79A2D/5V77.  The  staphorloooeci  isolated  from  the 
remaining  two  cows  were  of  different  phage  type.  He  pex>tioularly  noted  that 
continued  treatment  of  an  infected  quarter  did  not  produce  any  change  in  the 
phftge  type  of  the  organism.  Price  et  al,  (195A)  undertook  the  phage  typing  of 
staphylococci  obtained  troBi  milk  samples  from  186  cows  with  a  view  to  examins 
the  value  of  phage  typing,  antibiotic  sensitivity  and  hemolysis  on  blood  agar 
plates  as  aids  in  distinguishing  new  infecticms  from  relapses.  They  utilized 
human  phages  for  typing  and  found  that  staphylococci  with  pattern  A,  which 
included  the  A2D  type,  were  very  camnon,  Stephyloeooci  persisting  after  treat- 
ment showed  no  significant  differences  in  phage  type.  They  also  found  m 
fairly  clear  relation  between  phage  type  and  penicillin  sensitivity.  In  six 
•aaes,  following  successful  treatment,  organisms  could  be  recovered  which  ex- 
hibited a  different  phage  type  which  presumably  indicated  reinfection  of  the 
udder, 

Bamum  and  Fuller  (1956)  undertook  the  bacteriophage  typing  of  staphylt 
cocci  associated  with  bovine  mastitis,  in  an  attempt  to  determine  if  this 
method  could  differentiate  pathogenic  from  so]>>pathogenic  strains,  and  to 
further  characterize  the  organisms  as  an  aid  to  epidemiological  studies. 


? 


The  phAg*8  v«r«  scoured  frcei  a  set  of  U2  lysogenlo  cultures  of  staphyloooooi 
of  fauoan  origin  vhioh  were  maintained  at  the  Ontario  Public  Health  Laboratory. 
The  relaticm  of  these  oultui^s  to  phages  used  elsewhere  was  not  known.  They 
found  that  the  use  of  phages  did  not  serre  to  distinguish  between  strains  iso- 
lated flroiD  healt}:^  and  diseased  udders }  but  the  method  afforded  evidence  to 
show  that  the  stapbyloooooi  oapable  of  exciting  infection  in  the  BOBBary  gland 
existed  in  the  "carrier"  cow.  Bamum  end  Fuller  obserred  that  the  greatest 
percentage  of  the  strains  producing  white  pigment  belonged  to  Qroup  B,  strains 
producing  cream  pigment  to  Group  A,  end  those  producing  golden  pigawnt  to 
Oroup  Al*  The  strains  producing  alpha  and  beta  haoolysis  were  distributed 
■song  all  phage  groups. 

With  a  view  to  classifying  staphylooocci  obtained  frooi  milk  of  oowSf 
Edwards  and  Rippon  (1957)  employed  phage  typing  as  well  as  otbsr  te«ts|  e.g., 
the  ooagulase  test,  hemolysin  production,  sugar  fermentation  reactions,  etc. 
Utilizing  the  human  phages,  they  distinguished  fiTe  different  phage  patterns. 
Most  typical  patterns  formed  <mly  when  undiluted  phages  were  used.  Of  the 
381  strains  77  per  cent  were  lysed  predominantly  by  phage  ^2D.  A  represents* 
tire  number  of  strains  froa  each  of  the  five  phage  types  was  examined  by  fuz^ 
ther  tests.  Edwards  and  Rippon  observed  that  the  strains  belonging  to  the 
five  different  phage  groups  were  pathogenic,  since  strains  item  all  the  types 
were  found  in  oases  of  acute  as  well  as  chronic  mastitis. 

Seto  and  Wilson  (1958)  typed  429  cultures  of  micrococci  of  bovine  origin 
with  the  help  of  seven  phages,  including  phage  42D,  a  human  phage,  the  rest 
being  those  isolated  by  Seto  et  al.  (1956).  None  of  the  coagulaae-negative 
cultures  were  susceptible  to  any  of  the  seven  phages.  Of  the  379  ooagulase- 
positive  cultures  93  per  cent  were  susceptible  to  one  or  more  of  the  seven  phages. 


Th«  phage-Bonsitive  ofultxares  were  divided  into  twelve  types  and  patterns*  Of 
84  Qultures  fron  11  herds,  78  were  sensitive  to  only  plu«e  S2»    The  sans 
phftfe  which  they  foxind  as  the  predominating  phage  lysed  U9  per  oent  of  all 
the  sensitive  oultures.  The  S2  type  cultures  were  subdivided,  by  determining 
their  lyaogenicity,  into  three  subtypes. 

Coles  (1958),  utilizing  the  six  phages  that  he  isolated,  typed  127  cul- 
tures of  ataphyloooooi  obtained  from  sauries  of  adlk  frcan  six  different  herds. 
He  observed  that  in  aU  the  herds,  with  the  exception  of  cme,  more  than  one 
phage  group  existed,  A  greater  diversity  of  phage  patterns  was  demonstrated 
when  the  subtyping  phages  AID,  P52,  and  P87  were  utilized  for  typing*  In  his 
opinion,  phage  pattern  of  a  particular  strain  of  Staphylooooous  aure]as  of  ani- 
aal  origin  depended  prtinnrily  on  the  phages  used* 

Therefore,  it  may  be  seen  from  a  review  of  the  literature,  that  different 
workers  hove  utilized  different  phages  and  that  there  is  not  a  single  s«t  of 
specific  phages  which  can  be  used  as  basic  phages  for  typing  of  cultures  of 
stiqphylocooci  of  bovine  origin*  Since  so  many  studies  have  now  been  made  with 
stapbQrlococcua  phage,  it  would  seem  that  the  time  is  ripe  for  the  selscticni  of 
a  single  set  of  phages  that  could  be  utilized  routinely  for  the  typing  of 
staphyloooooi  of  anima]  origin* 

lUTERlALS  AND  METHOQS 

Culture  Media 

Tryptose-dextrose  bcroth  consisted  of  tryptose  (Difco)  20  gms,  sodium 
chloride  5  gms,  dtetrose  1  gram  and  distilled  water  1,000  ml*  The  pH  was  ad- 
justed to  7.4  by  the  addition  of  2.5  N  sodium  hydroxide  and  the  madium  was 
finally  sterilized  in  the  autoclave  for  30  minutes  at  15  lbs,  pressure* 
Tryptose-dextrose  agar  was  prepared  ty  adding  1*5  per  cent  agar  to  tryptose- 


ddxtros*  broth*  Ths  pH  was  adjusted  to  7*6  prior  to  sterilization.  The  msdium 
was  used  for  preparing  base  layer  In  petri  plates  as  veil  as  for  making  slants. 
Soft  agar  for  top  layer  was  prepared  by  the  addition  of  0,8  per  cent  argar  to 
tryptose-dextrose  broth.  The  pH  was  adjusted  to  7.6,  Prior  to  sterilization 
the  luedium  was  distributed  in  test  tubes  in  10  ml,  and  A  ml,  aliquots, 

Gharaoterization  of  Cultures 

Isolations  were  c^ade  on  5  per  oent  sheep-blood  agar  from  samples  of  milk 
obtained  IVom  olinioal  or  suspected  oases  of  bovine  mastitis.  ThB   degree  of 
hemolysie  was  recorded  for  each  culture.  After  studying  the  morphology ,  a 
single  colony  was  transferred  to  an  agar  slant.  Only  those  cultures  which 
fenoented  mannitol  and  produced  ooagulaat  were  used  for  bacteriophage  typing. 
Ooagulase  tests  were  performed  by  the  nothod  of  Fisk  (19A0),  using  rabbit 
planta.  The  cultures  were  kept  at  rooai  temperature  and  subcultured  every 
m<mth. 

Cultures  of  Starterloooooup  aureus  were  also  obtained  from  other  labors^ 

toriea.  Th*  sources  of  all  tlie  cultures  used  are  as  follows  t 

Souroe  No,  of  Cultures 

Clinical  Pathology  Labor atoiy,  127 

Kansas  State  College. 

Departanent  of  Bacteriilogy,  School  of         39 
Veterinary  Medicine,  Davia,  Calif cernia. 

Department  of  Bacteriology,  CMo  State         15 
University,  Columbus,  Ohio. 

Jen-Sal  Laboratories,  Kansas  City,  3 

Klssourl. 

Diagnoetio  Laboratory,  College  of  9 

Veterinary  Medicine,  Fcart  Collins, 
Colorado 
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Soure*  Mo.  of  Culturoa 

Departc^nt  of  Medlolz^f  New  York  17 

State  Veteriiuiry  College, 
Ithaoa,  New  York* 

Gultiires  fl'om  Conpton,  England*  15 

(Through  the  courtesy  of  Dr.  I. 
M.  Paton.) 

Department  of  Bacteriology,  Ontario  U3 

Veterlnaxy  College,  Guelph,  Canada 

The  Phaflos 

Two  Bets  of  phages  were  used  during  this  work.  Okie  set,  the  Coles  serlea, 
eoDBlatlng  of  six  phages  was  supplied  by  Dr.  £.  H*  Coles,  Department  of 
Pathology,  School  of  Veterinary  Hsdioine,  Manhattan,  Kansas*  Tha  other  set 
of  six  phages,  the  Seto  phages,  was  obtained  from  Dr,  J*  B*  Wilson,  Department 
of  Baoteriology,  linlTersity  of  Viiseonsln,  Madison. 

Jhe  Cole|i  Phages*  The  six  phages  along  with  their  propagating  hosts  are 
listed  belovr* 

Phage  Propagating  fiost 

Alo  m 

A13  H39 

P52  H34 

P87  H27 

P102  H27 

The  three  phages,  phage  A8,  &10  and  A13  are  adapted  phages  which  were  ob> 

talned  tty  propagating  the  human  phages  UZD,   7,  and  81,  respectively,  on  two 

different  strains  of  Staphylooooous  auret^s  of  aninal  origin*  Phages  P32, 

P87  and  P102  were  Isolated  from  three  different  lysogenle  strains  of  Staplprlo«' 

ttWi  auyeus  of  animal  origin  and  propagated  on  two  different  strains  of 

Staphylooooous  aureus,  also  of  animal  origin  (Coles,  1958)* 
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The  Sato  fhagea.  Six  phages,  phage  SI,  S2,  S3,  SJ^,   S5,  and  S6,  were  uaed 
for  bacteriophage  typing.  The  propagating  hosts  for  these  phages  are  also 
numbered  as  SI,  S2,  S3,  S4,  S5,  and  S6  and  are  all  xnicrooocci  of  bovine  origin. 
Fhuge  SI  and  S2  were  originally  isolated  by  propagating  phage  U2D,   a  huioan 
phage,  on  two  different  strains  of  staphjrlooooci  of  animal  origin  (Seto  and 
Wilson,  1958)}  therefore,  these  are  adapted  phages.  Phage  S3  was  initially 
isolated  by  Sato  et  al,  (1956)  from  a  lysogenio  culture  of  Miproooe^us  pyogenes 
of  bovine  origin.  Phages  Sn4,  S5,  and  S6  were  derived  frcoa  phage  S3  by  prop»- 
gating  the  latter  tm  three  different  strains  of  Microoocous  pyogene  ^  of  bovine 
origin. 

Preparatiim  of  PhagM 

The  phages  were  propagated  by  the  agar  layer  method  of  Swanstrom  and 
Adams  (1951),  with  a  slight  modifioation.  Agar  plates  were  prepared  a  day 
previous  to  their  use.  To  eaoh  of  four  sterile  test  tubes  was  added  0.A  ml. 
of  an  18-hour  broth  culture  of  the  propagating  strain  and  0.A  ml.  of  the  stock 
phage.  The  mixture  was  allowed  to  stand  for  about  ten  minutes,  and  then  added 
to  a  tube  containing  ten  nl.  soft  agar,  which  had  been  melted  and  cooled  to 
AT**  C.  The  tube  was  rotated  well  between  the  hands  and  the  contents  quickly 
poured  over  the  base  agar  in  a  Petri  dish.  In  this  way  four  plates  were  pz'e- 
pared  for  eaoh  phage.  The  plates  were  incubated  for  about  six  hours  at  37**  C 
and  then  left  at  room  temperature  overnight.  To  eaoh  of  these  plates,  on  the 
following  day,  U  ml.  of  sterile  broth  was  added  and  the  soft  agar  and  broth 
were  mixed  by  means  of  a  sterile  glass  rod.  The  plates  vmre   then  placed  in 
the  deepfreeze  for  about  six  hours.  Afterwards  the  plates  were  rraioved, 
thawed  at  room  temperature  and  the  fluid  thus  collected  was  transferred  to  a 
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■t«rll«  test  tube.  ThA  phage  was  filtered  through  Selas  candle  filters. 
Sterility  was  tested  by  inoculating  a  tube  of  broth  with  0.5  ml.  of  the  phage 
and  incubating  the  tube  for  ^3  hours  at  37®  C,  For  determining  the  titer, 
serial  tenfold  dilutions  of  the  phage  were  prepared  in  broth.  From  each  dllu'* 
tlon  0.1  ml.  of  the  phage  suspension  was  taken  and  mixed  with  one  ml.  of  an 
18-hour  broth  culture  of  the  propagating  strain.  After  about  ten  minutes,  the 
phage-oell  mixture  front  each  tube  was  added  to  a  tube  oontaining  four  ml.  of 
soft  agar  which  was  melted  and  cooled  to  47°  C.  The  contents  were  mixed  and 
poured  over  plates  ocmtaiXLLng  agar  base  layers.  The  placjaes  were  counted  using 
plates  of  suitable  dilutions  and  the  titer  recorded.  Phages  having  a  titer 
of  10®  to  10^  particles  per  ml,  were  prepared. 

Determination  of  the  Routine  Test  Dilution 

The  routine  test  dilution  (RTD)  was  determined  by  the  method  of  Wilson 
and  Atkinson  (19'&5)*  Tenfold  dilutions  of  the  phage  were  pirepared  In  broth. 
Usually  fire  dilutions  were  sufficient.  An  18-haur  culture  of  the  propagating 
strain  was  streaked  uniformly  on  an  agar  plate  by  means  of  a  sterile  cotton 
■wab.  After  allowing  about  twenty  minutes  for  drjring,  each  diluticm  of  the 
phage  was  spotted  cm  the  plate.  The  plate  was  incubated  at  37®  C  for  about 
six  h<Mrs  and  then  kept  at  room  temperature  overnight  •  The  highs  at  dilutioa 
which  produced  confluent  lysis  was  regarded  as  the  routine  test  dilution. 
The  RTD  was  usually  found  between  10~3  to  10^,  No  phage  was  used  for  typing 
unless  it  had  an  RTD  of  at  least  10~^«  The  phages  were  always  stored  in  a 
deepfireeei. 
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Phage  Typing 

Flat«s  oontainlng  agar  base  layer  were  poured  on  the  previous  day  and 
left  at  room  temperature  overnight.  The  plates  were  marked  with  wax  penoil 
on  the  bottom  sides  to  faollltate  reading.  The  aurfaoe  of  the  agar  medltui 
was  swabbed  with  a  12-  to  18-hour  broth  culture  of  the  organism  by  means  of 
a  sterile  cotton  swab  and  the  plates  were  allowed  to  dry  for  about  45  minutes. 
The  phages  were  spotted  on  the  oulture  with  one  ml.  tuberculin  syringes 
equipped  with  27  guage  hypodermic  needles.  After  the  spots  were  dry  the 
plates  were  Incubated  for  about  four  to  five  hours  at  37®  C  and  then  Is  ft  at 
room  temperature  overnight.  One  set  of  six  phages  was  used  at  a  time.  ISaoh 
phage  was  used  In  a  concentrated  form  as  well  as  at  Its  RTD  so  that  each  plate 
contained  twelve  spots.  Along  with  each  batch  of  cultures  the  dilute  phages 
were  spotted  on  their  propagating  strains  to  serve  as  control  on  RTD.  If  the 
testing  dilution  of  any  phage  did  not  produce  confluent  lysis  of  the  propa- 
gating strain  a  Aresh  dilution,  using  stock  phage,  was  prepared* 
Results  of  phage  typing  were  recox>ded  as  follows  t 

GL  Ctmfluent  lysis. 

3*  Almost  cairq[>lete  lysis  with  only  small  Islands  of  grcvth* 

2*    Squal  amounts  of  lysed  area  and  grokrth* 

l4  Only  a  few  plaques  In  the  center, 
lysis  scored  as  2«,  3*,   or  CL  was  considered  a  positive  respomae.  For  report- 
ing the  results  of  typing,  the  terminology  suggested  by  Jackson  et  al.  (1954) > 
and  Seto  and  Wilson  (1958),  was  used* 


RESULTS 

Gomparlson  of  Results  Upon  Use  of  RTD  and  Use  of 
Undiluted  Phage  Suspensions 

A  total  of  268  cultures  of  Stanhylocoocua  aureus  were  subjected  to  bac- 
teriophage typing,  0£  these,  210  were  typed  utilizing  the  twelve  phages  at 
their  RTD  as  well  as  in  oonoeutrated  form^  and  the  reiziaining  cultures  were 
typ«d  with  six  selected  phages  from  the  two  sets.  Of  the  210  cultures,  158 
or  75.2  per  cent  were  sensitive  to  one  or  more  of  the  Coles  phages  and  195  or 
92,8  per  cent  to  one  or  more  of  the  Seto  phages.  These  results  weire  obtained 
only  when  the  phages  were  used  in  a  concentrated  form.  The  number  of  cultures 
typable  with  the  use  of  RTD  was  -very  lowj  with  the  Coles  phages  only  96  or 
4.5.7  per  cent  of  the  cultures  and  with  the  Seto  phages,  86  or  A0,9  per  cent 
of  the  cultures  were  typable.  Phage  patterns  were  produced  only  when  the  cul- 
tures were  typed  with  the  use  of  concentrated  phages,  k  comparison  of  the  re- 
sults of  typing  of  cultures  from  each  herd,  with  the  use  of  concentrated  phages 
as  well  as  with  phages  at  their  RTD,  is  shown  In  Tables  1  and  2,  The  results 
of  phage  typing  with  the  concentrated  phages  of  the  two  series  are  compared  in 
Table  3. 

Phage  Types  and  Patterns 

The  total  phage-sensitive  cultures  were  divided  into  19  phage  types  with 
the  Coles  phages  and  into  26  phage  types  with  the  Seto  set,  (JablsB  4  and  5,) 
With  the  Seto  phages,  cultures  belonging  to  phage  pattern  Sl^'SS  Bjxd  phage  type 
S2,  were  found  to  be  oonmum.  With  the  Coles  pteges,  the  phage  pattern, 
&B/&10/A13/?&7/?1Q2  was  predcaninant ,  In  each  hard,  cultures  belonging  to 
more  than  one  phage  type  or  pattern  were  seen.  In  the  case  of  typing  with  th« 
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Table  1 

..  Cuiltiires 

typable  with  the  Coles  phages  when  used 

as  ooncantratod 

t 

as  well  as  at  their  RTD. 

No.  of 

t 

Gulturea  typable  with    i 

Culttirea  typable  with 

Herd  t 

1 

cultures 

UMd 

t  , 

t  : 

ooncantratod 

phc.fices     1 

phoaes  used  at  their  RTD 
No,  of  oulturas  t  Per  oent 

Ho.  of  oulturee 

t  Per  oent  i 

t 

,t 

typable 

^  typable  t 

typable 

t  typable 

A 

12 

12 

100 

9 

75 

B 

17 

9 

52,9 

3 

17,6 

0 

38 

9 

23 

6 

15.7 

D 

9 

9 

100 

9 

100 

S 

63 

60 

95.2 

37 

58,7 

f 

17 

17 

100 

17 

100 

Q 

25 

19 

76 

2 

8 

I 

U 

8 

57.1 

6 

i;2,8 

J 

15 

15 

100 

7 

U6,6 

Tot  tg 

210 

158 

75.2 

96 

A5-7 

Table  2 

!•  Cultures 

typable  with  the  Seto  phaga( 

s  when  used  as  concentrated 

as  well  as  at  their  RTD, 

t 

No.  of 

t 

Cultures  typable  with    i 

Cultures  typable  with 

Herd  i 
t 

oulturea 
used 

t 
1 

concentrated 

phaces  used  at  their  RTD 
Noi  of  cultxnres  t  Per  oent 

wo,  of  cultures 

t  Per  oent  i 

I 

j_ 

tviaed 

t  t\T)able  t 

typable 

1  typable 

A 

12 

12 

100 

A 

33.3 

B 

17 

17 

100 

9 

52,9 

0 

38 

38 

100 

7 

18, A 

B 

9 

8 

88,8 

1 

11,1 

I 

63 

60 

95.2 

38 

60.3 

r 

17 

17 

100 

0 

0 

d 

25 

22 

88 

20 

80 

B 

U 

8 

57,1 

A 

28,5 

J 

15 

13 

86,6 

3 

ao 

Total 

210  _ 

195 

92.8 

86 

A0.9 
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Table  3»  Ccscparison  between  cultures  typable  with  the  oonoentratod  Coles 
phages  and  the  ooncentrated  Seto  phages. 


t 

No.  of  I 
sultures : 

Coles  r,hages    i 
No.  of  jFor  centt 

Seto  1 

Dhaees  ,  t 

Six  Belc 
No,  of 

Herd  ti 

No.  of 

iPer  csntt 

tPer  oert 

1 

t 

cultures  ttypable  t 

cultures ttypable  t 

cultures  ttypable 

1 

t 

typ^hle 

f,                i 

^       t 

typaW 

1 

A 

12 

12 

100 

12 

100 

12 

100 

B 

17 

9 

52.9 

17 

100 

17 

100 

G 

38 

9 

23 

38 

100 

33 

86.8 

0 

9 

9 

100 

8 

88.8 

9 

100 

8 

63 

60 

95.2 

60 

95.2 

62 

98.A 

r 

17 

17 

100 

17 

100 

17 

100 

Q 

25 

19 

76 

22 

88 

22 

88 

H 

U 

8 

57.1 

8 

57.1 

8 

57.1 

J 

15 

15 

100 

13 

86.6 

15 

100 

Total 

23LP 

158 

75.? 

^9S 

9?«8 

J95 

9^.8 

eoles  phages,  the  aiajcrity  of  the  phage-sensitlve  cultures  was  lysed  by  three 
or  more  of  the  phages.  The  munbep  of  cultures  susceptible  to  the  action  of 
only  one  or  two  phages  was  yery  low.  With  the  Seto  phages,  <m  the  contrary, 
the  majority  of  cultures  was  lysed  by  one  or  two  phages  only.  Cultures  re- 
sistant to  the  action  of  the  Coles  phages  were  fouwi  to  be  sensitive  to  the 
Seto  phages,  k  few  of  the  oultores  which  were  untypable  with  the  Seto  phagia 
were  found  to  be  sensitive  to  the  Coles  phages.  A  very  high  percentage  of  the 
cultures  was  susceptible  to  the  Seto  phages  but  these  phages  did  not  usually 
reveal  subtypes  within  the  group. 

Cultiures  obtained  from  different  quarters  of  the  same  cow  were  not  always 
identical.  For  instance,  cultures  70  and  71  were  isolated  from  different 
quarters  of  the  ssana  cow,  but  were  shown  to  belong  to  two  different  phage 
patterns.  Although  cultures  /,.5,   4^6,  47  and  48  were  obtained  from  four  dif- 
ferent quarters  of  another  cow,  only  culture  43  was  susceptible  to  the  Coles 
phages.  All  the  four  cultures,  however,  were  sensitive  to  the  Seto  phages  etxA 
typing  with  these  phages  revealed  the  presence  of  tliree  different  strains. 
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Culturep  4.7  and  A8  were  ehcwa  to  be  identical  while  cultures  4-5  and  ^6  formed 
two  distinct  strains. 

Phage  Typing  of  Known  Identioal  Cultures 

When  the  phage  patterns  produced  by  the  concentrated  phages  of  the  two 
series  were  cca^sred,  it  was  observed  that  the  grouping  of  oultures  was  not 
identical.  In  order  to  find  out  the  factors  responsible  for  this  difference 
the  following  experiment  was  condiicted.  Four  oultures  of  known  phage  pattern 
were  selected.  They  were  streaked  en  tryptose-doxtrose  agar  plates  and  singl* 
colonies  were  isolated,  A  single  colony  from  each  culture  was  restreaked  to 
obtain  separate  colonies.  Five  such  isolated  colonies  from  each  otilture  were 
obtained  and  transferred  to  agar  slants,  Theee  represented  five  known  identical 
cultures  for  typing,  A  total  of  twenty  single-colony  isolates  were  subjected 
to  typing  with  the  concentrated  Coles  phages  and  the  Seto  phages.  The  finding* 
were  ccsi^ared  with  those  of  ths  original  cultures.  The  results,  suiiBiiarized 
in  Table  6,  show  tliat  the  single-colony  isolates  revealed  exactly  the  same 
phage  patterns  as  were  revealed  by  the  original  cultures,  A.  slight  difference 
however,  was  noted  in  the  phage  pattern  of  the  original  culture,  culture  No, 
186  and  its  single-oolony  isolates.  This  difference  was  revealed  due  to  the 
variable  reactions  produced  by  phage  S4,,  The  original  culture  gave  a  a*  reae- 
tion  to  the  concentrated  phage  S^,  while  the  single-colony  isolates  ft'can  tha 
saise  culture  gave  either  a  I*  reaction  or  a  negative  reaction,  JIo  significant 
differensaa  in  reaction  wwra  observed  in  the  case  of  confluent  lyaia. 

Ths  action  of  the  two  seta  of  phages  was  further  teated  oaa.  aeperate  iso- 
lations loade  from  ooe  quarter  of  the  saios  cow.  Samples  of  milk  frcxa  left-hind 
quarter  of  oow  No.  20B,  College  Dairy  Farm,  were  obtained,  A  total  of  five 
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Bompl»s  vore  obtained  at  e  day's  Interval.     About  a  month  and  a  half  prior  to 
obtaining  thee<e  saieples,  the  milk  of  this  ocv  was  examined  and  a  pha^ce-aenaitiw 
Btaphylococoal  oultiire  was  obtained  frcm  the  loft-hind  quKrter,    The  aeparat* 
isolations,  on  testing,  revealed  phage  patterns  identical  to  that  of  the 
earlier  culture.    The  results  are  shewn  in  Table  7, 

Table  7.    Fhag*  typing  of  separate  isolations  Arctn  the  same  cow* 

:             t                Phage  type  qr  pattern  with  concentrated  phages 
Culture  t  Date  t  Coles  pl^agea  i  Scto  phages 

No.       t  t  Aff  I  go  ;  .M3   t  P52  t  P87  t  Pin?  »  SI   t  S2  t  S3   i  S^,  t  Sg   t  S6 

109  9/3/58    CL  CL  CI.  -  CL  CL  -  CL  -  -  -  - 

109/1  10/13/58  CL  CL  CL  -  CL  CL  -  CL  -  -  -  - 

109/2  lO/U/58  CL  CL  CL  -  CL  CL  -  CL  -  -  -  - 

109/3  10/15/58  CL  CL  CL  -  CL  CL  -  CL  -  -  -  - 

109/^  10/16/58  CL  CL  CL  -  CL  CL  -  CL  -  -  -  - 

109/5  10A7/58  OL  CL  CL  -  CL  CL  -  CL  »  »  »  » 


CL  =  confluent  lysia 

Typing  cf  Cultures  «ith  Few  Selected  Phages 

Of  the  12  phages  used  for  typing  in  the  present  studies,  six  phages  were 
selected  for  a  new  typing  soheme.    These  include,  phage  kB,  AlO,  P87,  P102 
froBi  the  Coles  series  and  phage  S2  and  35  from  the  Seto  set.     A  tc^al  of  A8 
cultures,  15  firoui  Cuaptoa,  Sngland,  and  A3  frcoi  Canada,  were  typed  with  the 
help  of  these  six  phages.    The  phages  were  used  only  In  concentrated  form.     In 
the  interpretation  of  tiie  results,  confluent  lysia  and  >*  lyals  alone  were  oon- 
sldered  as  positive  reeponses.    The  results  of  typing  with  these  phages  are 
shown  in  Table  8. 
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Table  8.  Typing  of  oulttires  obtained  from  Canada  and  England  with  the  six  selaoted 

phages* 


t  t        t  Pl^ge  types  or  patterns 

SouroatKo.oft         t  t&B     i     iA8     t     tAS     i         t         t         t  t         i       t     t       t 

of     icul-  t  No.tAS  lAlO  t     lAlO  i     tAlO  tA8     t&8     sP102tA8  t         tA3  t     I       tA8 

cul-  ituresityj^iP102iP87  iA8iP87  «A8iP87  lAlO  tP102iS2     iP87  iP102iAl0iA8aD2«XE 

tures  tused  table tS2  tP102tS5tP102tS2}F102tP102|S5     tS5     tP102tS2     tHI02i     i       tS2 

I  t         I  tS2     I     tS5     t     sS2     tS5     s         t         tS5  i         tS5  t     t       tS5 

«  I         I  iS5     I     t         I     t         t         I         t         t  I I L-j L— 

Canada    A3        36      11       ^1313        1        2        1        3        12111 

England  15  7        1        --2--        -        A        -        -        ----.- 


DISCUSSIQK 

Relation  Between  RTO  and  Conoentrated  Phages 

Of  a  total  of  210  oulturesy  158  or  75*2  per  oent  were  lysed  Toy  the  Coles 
l^uges  and  195  or  92.8  per  oent  hy  the  Seto  phages.  These  results  were  ob- 
tained with  the  use  of  ooncentrated  phages  only*  When  the  phages  were  used 
at  their  RTD,  distinct  patterns  of  lysis  were  not  produced  and  the  number  of 
cultures  lysed  was  very  small,  o*g«>  A5*7  per  cent  with  the  Coles  phages  and 
ilO.9  per  oent  with  the  Seto  phages.  This  shows  a  sigitLficant  difference  in  the 
results  of  typing  obtained  by  the  use  of  RTD  and  the  use  of  concentrated  phages. 
Typical  phage  patterns  were  produced  cmly  by  the  use  of  conoentrated  phages. 
The  phages  used  at  their  RTD  did  not  reveal  such  patterns.  Slnllar  findings 
vex«  reported  by  Williams-Smith  (19A8),  Edwards  and  Rippon  (1957) »  and  Coles 
(1958),  They  reported  that  more  cultures  were  lysed  and  patterns  of  lysis 
produced  when  the  phages  were  used  in  an  undiluted  form.  Seto  and  Wilson 
(1958) f  however,  were  able  to  type  93  per  oent  of  the  cultures  with  the  use 
of  RTD,  Even  with  the  Seto  phages  used  at  their  RTD,  in  the  present  study. 
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only  ^0.9  per  cent  of  the  cultures  were  lysed.  In  phage-typlng  of  cultures  of 
staphylococci  asaooiated  with  bovine  mastitis,  therefore,  undiluted  phage  8U»- 
pensions  alcme  should  be  used.  Suspensions  with  a  titer  of  at  least  10  phage 
particles  per  ml.  should  be  prepared. 

Phage  Types  azxi  Patterns 

In  all  the  herds  studied,  more  than  one  phage  pattern  was  observed  with 
the  number  of  patterns  in  different  herds  varying  from  2  to  7  depending  on  the 
•iie  of  the  herd.  Fot  example,  herd  C  from  which  38  cultures  were  obtained,  I'e- 
vealed  the  presence  of  a  large  number  of  phage  types  and  patterns.  Herd  £ 
consisted  of  cultures  obtained  from  various  sources,  but  for  convenience  they 
vmn  grouped  together.  Cultures  isolated  frcan  different  quarters  of  the  8«Di 
oow  were  not  identical}  usually  each  quarter  excreted  a  different  type  of 
organism.  This  suggests  that  the  infection  is  transmitted  trcm  oos  animal 
to  another  either  by  milking  machines  or  by  the  milkers  hazids.  These  findings 
are  in  agreement  with  those  of  Williams^Smlth  (19'48a},  Price  et  al.  (1954) » 
Coles  (1958),  and  Seto  and  Wilson  (1958).  From  the  information  obtained  1^ 
typing  of  cultures  from  a  herd,  it  is  possible  to  find  out  the  spread  of  in*- 
fection  within  that  herd.  Carrier  animals  can  also  be  detected. 

Phage  Typing  of  Known  Identical  Cultures 

When  the  results  of  typing  with  the  two  sets  of  phages  were  compared,  it 
was  observed  that  the  same  culture,  when  it  was  subjected  to  typing  with  ths 
two  series  of  phages,  appeared  to  belong  to  two  different  groi:^.  Similar 
discrepancy  was  noted  by  Coles  (1958).  Hs  indicated  that  the  results  of 
typing  depended  upon  the  phages  utilized  and  that  different  olassifioations 
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end  grouping  zoay  result  when  different  sets  of  phages  were  used.  With  a  Ylev 
to  elarlfying  this  partloalar  point »  knovm  Identical  oultures  were  used  for 
tTping.  These  were  of  two  kinds.  In  «w  ease  separate  Isolations  were  made 
from  the  san^  eow;  In  another  Instance  single  colonies  were  obtained  from  a 
few  selected  oultxures.  The  results  InlLoated  that  the  oultures  were  identical 
(Table  6).  The  action  of  phage  S4  on  culture  186,  however,  gave  variable  re- 
sults. On  the  original  culture  this  phage  produced  a  2*  reaction  while  <m  the 
slngle-ooloi^  isolates  either  there  was  a  1*  reaction  or  no  reaction  at  all. 
From  these  findings  It  Is  apparent  that  In  phage  typing  a  2f»  reaction  Is  of 
little  significance.  If  a  24>  reaction  Is  considered  as  a  positive  response 
even  identical  cultures  laay  appear  different.  The  only  reactions  to  be  con- 
sidered are,  therefore,  confluent  lysis  and  y*  lysis.  These  two  responses  will 
mostly  be  obtained  when  the  concentrated  phages  v  used.  This  again  9BphMf» 
■iMS  the  necessity  of  using  undiluted  phages  in  typing  studies.  Separate 
isolations  fi>oa  the  sane  cow  were  typed  with  the  phages  and  were  shown  to  be 
Identical  (Table  7).  This  Illustrates  the  point  that  phage  typing  will  reveal 
the  true  relation  between  several  strains. 

New  Combination  of  Phages  Suggested  for  Typing  of 
Staphylococcal  Oultures  of  Bovine  Oirigin 

The  ability  of  a  typing  phage  to  produce  lysis  of  a  bacterial  cell  will 
depend,  besides  other  factors,  upon  the  -^rpc  of  phage  which  the  bacterium 
carries.  Bacteria  are  generally  immune  to  the  phage  which  thsy  already  carry 
(Luria  1956).  lysogeny  appears  to  be  a  rule  rather  than  exoeptim.  Rmmtree 
(1949)  demonstrated  lysogei^  In  27  out  of  yo   cultures  of  ooagulase-positlve 
staphylococci.  Coles  (1958)  examined  95  cultures  of  Staphyloooe^s  aure^us  of 
anlaal  origin  and  reported  lysogeny  in  one  hundred  per  cent  of  the  culturaa* 
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In  preparing  phages  for  use  in  bacteriophage  typing  studies,  it  appears 
sary  to  screen  the  cultures  for  the  preseno*  of  lyaoganio  phages  and  to  select 
those  phages  which  will  be  active  cm  a  large  number  of  culturee.  Adapted 
phages  can  also  be  used  for  typing. 

f te  reeolta  of  typing  obtained  in  the  present  atudy  indicated  that  each 
aeries  of  phages,  when  used  alone,  had  certain  UMtations *  The  Coles  phages, 
for  exan^le,  produced  typical  patterns  of  lysis  Iwt  lysed  only  about  75  per 
cent  of  all  the  cultures  used.  The  Seto  phages,  on  the  other  hand,  lysed 
92.8  per  cent  of  all  tl^  cultures  but  did  not  produce  typical  patterns  of 
lysis;  there  were  mwiy  cultures  which  were  lysed  by  phage  S2  alone.  Besides, 
both  series  contained  certain  phages,  the  use  of  which  did  not  serve  to  give 
addltioxjal  information  in  typing.  It  was  therefore  decided  to  set  up  a  new 
OCBbination,  utiliaing  few  phages  from  each  of  the  series.  Of  a  total  of  12 
phagsa,  six  were  selected  for  inclusion  in  the  new  typing  scheme.  These  are 
phage  &8,  AlO,  P87  and  P102  from  the  Coles  series,  and  phage  S2  and  S5  from 
the  Seto  set.  These  phages  combined  the  adrantages  of  the  two  series  in  that 
they  lysed  large  number  of  cultures  and  at  the  same  tixoe  pawduoed  typical  pat- 
terns  of  lysis.  In  making  this  selection,  two  properties  of  each  phage  were 
mainly  considered,  namely  the  ability  to  Ijse  •  large  number  of  cultures  and 
the  ability  to  differentiate  one  culture  from  the  other.  Of  the  phages  not  in- 
cluded in  the  new  oombinaticm,  phage  P52,  SI,  S3,  S^,  and  S6  lysed  only  few 
cultures  and  secondly,  they  did  not  contribute  much  towards  producing  typical 
patterns  of  lysis.  Another  phage,  phage  A13>  was  an  active  phage,  but  it 
duplicated  %i»  action  of  other  phages  in  the  Coles  series.  The  results  of 
typing  that  can  be  obtained  by  using  the  few  selected  phages  are  summarized 
in  Table  9*  As  may  be  seen  firom  this  table,  thsse  six  phages  were  oapable  of 
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typing  195  of  210  cultures.  In  addition,  distinct  patterns  of  Ijrtii  Vf   ob-> 
8«rTBd  in  cultures  from  different  herds. 

Since  the  six  selected  phages  giv«  better  results  than  any  single  set  used 
previously,  it  is  {proposed  that  phages  kB,  AID,   P87»  F102,  S2,  and  S5,  selseted 
from  the  two  series,  be  used  as  basic  phages  for  routine  typing  of  cultures  of 
§|[|B3hyloooccus  ju£sm  associated  \d.th  oases  of  bovine  loastitis.  Besides  thise, 
additional  phages  can  also  be  used  if  a  worker  feels  that  by  doing  so  additional 
infomation  will  be  obtained.  In  order  to  be  able  to  type  a  large  number  of 
cultures  and  to  produce  patterns  of  lysis,  the  phages  should  be  used  in  a  ooi>> 
oentrated  fona.  It  is  also  suggested  that  in  interpreting  the  results  of  typing, 
confluent  lysis  and  y*  lysis  alone  should  be  considered  as  positive  responses. 
This  procedure  will  assist  in  assigning  the  cultures  to  their  pr<^r  phage 
groups. 

Tjrping  of  Cultures  Obtained  from  Canada  and 
JBngland  With  the  Six  Selseted  Phages 

As  aay  be  seen  in  Table  8,  a  total  of  58  additional  cultures,  A3  frcn 
Canada  and  15  from  England,  were  typed  utilizing  the  six  selected  phages.  The 
cultures  ttcei  Canada  revealed  the  presence  of  15  different  phage  types  or  pat- 
terns, eleven  of  which  belonged  to  phage  pattern  AB/?102/S2,    This  was  an  in-> 
teresting  featuare  since,  cut  of  210  cultures  from  th*  United  States,  only  one 
shoved  this  pattern.  Of  the  15  cultures  reoelved  from  Sngland,  only  seven  were 
typable  and  were  divisible  into  three  diffezvnt  phage  patterns.  A  new  phags 
pattern  A8A102/S5  was  also  present  in  the  cultures  fron  Canada  and  England 
but  absent  firom  the  rest  of  the  cultures.  This  further  illustrates  the  value 
of  phage  typing,  since  Isolates  from  different  geographic  locations  reveal  dif- 
ferent phage  types. 
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SUMMARY 

A  totftl  of  268  oultures  of  St  achy  looop  cits  oureua  obtained  traai  oaaas  of 
borlne  maatltla  vera  typed  by  three  eets  of  idiacea)  the  Colea  eerie  a,  the  Seto 
■erlea,  and  a  third  aeriea  of  aix  phagea  aeleoted  from  the  two  other  groupa. 
Qa  the  baaia  of  the  resulta.  It  ia  propoaed  that  the  third  aelaoted  aeriea  ia 
superior  to  either  of  the  other  two  alone  and  therefcre  ahould  be  adopted  for 
the  I'outine  typing  of  atapfayloooool  of  bovine  origin.  Further^  it  ia  propoaed 
that  these  six  phages  ahould  be  uaed  in  oonoentrated  farm  rather  than  at  their 
routine  test  dilutl(Hi* 

In  the  course  of  testing  these  268  oultures ,  oexrtain  other  information  vaa 
obtained.  Theae  include  the  observatioaia  that  oultures  belonging  to  more  than 
one  phage  pattern  could  be  isolated  from  a  single  herd  and  even  from  different 
quarters  of  the  asDie  cow.  Also,  cultures  fTGin  Cojriada  «pd  England  revealed 
phBfle  tTpea  quite  distinct  from  those  isolated  in  the  United  Statea, 
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In  epidemiological  lnvestigationS|  valuable  infoncation  can  be  obtained  by 
the  use  of  a  bacteriophage  typing  schoice,  Phage-typlng  will  reveal  differenoes 
among  strains  which  are  not  doteotablo  by  the  ueual  serologic  procedures.  In 
human  laedicine,  baaio  phages  are  available  for  typing  of  strains  of  etaph^lo^ 
cocci*  There  aire,  however ,  no  such  basic  phages  at  present  for  typing  of 
staphylococci  of  bovine  oairigin.  Tlie  huiuan  phages  are  not  helpfUl  in  typing 
of  these  strains. 

In  the  pjTCsent  study  two  different  sets  uf  phs^s,  the  Coles  phages  and 
tht  Seto  phages,  were  used  for  typing  of  strains  of  StapJiyloooocufl  acufus  asao- 
elated  with  borine  znastitls.  The  action  of  the  two  sets  of  phages  was  cooipared. 
AlsOf  phages  were  selected  fS>om  both  groups  to  devise  a  typing  scheuie  that 
might  have  aisrlt  over  either  one  alone.  In  the  process  of  devising  this 
phage  typing  8chaD>e,  a  comparison  was  made  between  the  use  of  routine  test 
diluticms  (RTD)  and  concentrated  phage, 

A  total  of  268  cultures  of  StaDharlococous  aureus .  obtained  from  cases  of 
bovine  mastitis,  were  typed  by  use  of  the  two  sets  of  phage.  With  the  Coles 
phages,  75.2  per  cent  and  with  the  Seto  phages  92,8  per  cent  of  the  cultures 
«wa  typable  when  coocentrated  phage  suspensions  were  used,  Uith  the  use  of 
routine  test  dilutions,  only  A5»7  per  cent  and  4.0,9  per  cent  of  the  cultures 
were  typable  with  the  Coles  phages  and  the  Seto  phages  respectively, 

Kach  herd  revealed  the  presence  of  cultures  belonging  to  more  than  one 
pillage  pattern.  Different  quarters  of  the  saius  cow  usually  excreted  organisDiS 
of  different  phage  patteams. 

Cultures  known  to  be  identical  with  regard  to  other  characteristics  were 
typed  by  using  the  two  sets  of  phages.  The  phages  revealed  that  the  cultures 
were  Identical  with  respect  to  phage  type.  Separate  isolati(»ia  from  the 
same  cow  were  shown  to  be  identical  by  the  phage  typing  method. 


Cultures  obtained  from  Canada  and  England  revealed  the  presence  of  few 
cultures  which  belonged  to  a  phage  pattern,  which  was  quite  distinct  from  thoie 
found  in  the  rest  of  the  cultures , 

FToia  the  Coles  and  the  Seto  seta  of  phages,  six  phages  were  selected.  It 
Is  proposed  that  tr»se  six  are  superior  to  either  set  alone  and  therefore  should 
be  adopted  in  aroutine  typing  of  StaDhvloGoccua  aureus  of  axiliial  origin. 


